Haploidentical related donors are an attractive alternative source of stem cells for allogeneic stem cell transplantation due to widespread availability and ease of stem cell procurement. Historically, haploidentical stem cell transplantation (HaploSCT) with extensive T-cell depletion has been associated with high rates of infectious complications and nonrelapse mortality (NRM). Post-transplantation cyclophosphamide (PTCy) has been shown to induce immune tolerance, effectively control graft-versus-host-disease (GVHD), and is associated with lower NRM, making it a preferred option for patients undergoing HaploSCT. Over the last decade, several groups investigated PTCy for GVHD prevention in HaploSCT; it is now successfully utilized with both myeloablative and nonmyeloablative conditioning regimens with survival comparable to HLAmatched transplantation. Future directions will focus on optimizing conditioning regimens by diagnosis, improving donor selection, and enhancing graft-versus-leukemia effect.
Introduction
Hematopoietic stem cell transplantation is often the only curative option for many patients with malignant and benign hematological stem cell disorders [1] . An HLA-matched sibling (MSD) is the preferred donor; however, the probability of having such a donor is approximately 30%. According to the National Marrow Donor Program, up to 75% of the registered donors are Caucasian; the probability of finding an 8/8 matched unrelated donor (MUD) is approximately 75% in this population, with approximately half of such patients ultimately proceeding to a MUD transplant [2] . The effect of race on HLA matching is more pronounced in non-Caucasians, with a probability of finding a match approximately 30 to 40% in the Hispanic population, less than 20% for African-Americans and Asian population [2, 3] . Even though, the probability of finding a MUD has increased over the last couple of years due to worldwide expansion of donor registries, some major obstacles remain such as, underrepresentation of the ethnic minorities in the registries, significant genetic variability for some races, expansion of the number of mixed race individuals, and significant delays in obtaining stem cells of an average of four months from initiation of the donor search to transplantation [4, 5] . Moreover, cost of the acquisition of unrelated donor cells remains prohibitive for the great majority if not all of underdeveloped countries. Therefore, there is a considerable need to develop alternate donor stem cell sources. Unrelated umbilical cord blood (UCB) offers several advantages: the donor search may be more expeditious and time to transplant is in general shorter as compared with MUDs, there is no risk to the donor, and a greater degree of mismatch is acceptable in order to proceed to a transplant [6] . However, the delayed engraftment and immaturity of the transplanted immune system are significant problems, particularly in adults where there can be a discrepancy between the patient's body weight and the number of hematopoietic cells in the cord blood unit [6] . This can partially be abrogated with the use of double cord blood units in adult patients in order to decrease the risk of graft failure [6] . Moreover, there are significant expenses in maintaining cord blood banks around the world acquisition and expansion of the cord is costly, and there is no possibility to collect additional cells for cellular therapy, in case this is needed.
Transplantation from a full haplotype mismatch family donor has been studied for several decades, initially with T-cell depletion (TCD); however, due to suboptimal results, this approach has fallen out of favor over the years. Recently, utilization of haploidentical transplantation has been revived primarily due to the use of post-transplantation cyclophosphamide (PTCy) as well as the development of novel methods of selective depletion of T-cell subsets, such as the use of ab TCD [7] [8] [9] . Due to improved safety, ease in procurement, and perhaps lower costs, haploidentical donors are now considered to be a viable alternative donor source [10] . In addition, HaploSCT offers several key advantages: almost all patients have a haploidentical first-degree related donor from the family, the donors are readily available and highly motivated to donate, and the patients can proceed to transplant very quickly (in less than 3 weeks) [5] . This is of particular importance for advanced/poor-risk hematological malignancies, when the goal is to transplant in remission or with minimal disease burden and there is high risk of disease progression in a short timeframe. Finally, there is generally the availability of donor-derived cellular therapy, such as donor lymphocyte infusion (DLI) or cellular subsets which can be used post-transplant, if needed. The major drawback, historically at least, has been strong alloreactivity in the graft-versus-host and host-versus-graft directions due to major HLA class I and II mismatches [11] . Thus, in essence, controlling alloreactivity in this setting has been the "holy grail" of transplantation as it will allow to perform this procedure for virtually every patient in need.
Over the last three decades, most of the success in HaploSCT has come with improved understanding of the HLA barriers, determinants of T-cell alloreactivity, and immunologic reconstitution [5] . Other work has focused on refining the degree of myeloablation and immune suppressive effect of the conditioning regimen, primarily using either ex vivo or in vivo T-cell depletion of the graft [5] . More recently, much success has been achieved by using PTCy as the primary method of prevention of graft-versus-host disease (GVHD) in T-cell replete HaploSCT [9, 12, 13] . With better control of alloreactive reactions generated by transplants using major HLA-mismatched donors, GVHD and graft failure rates have been successfully controlled, with significant improvements in NRM, making outcomes of HaploSCT similar to matched transplants [9, [14] [15] [16] [17] .
In this review we will focus on recent advances in HaploSCT with the use of PTCy and present available data with regards to conditioning regimens employed for both myeloid and lymphoid hematological malignancies. The lower cost in stem cell obtainment and ease of approach of haploidentical transplantation will likely favor expansion of this form of transplantation worldwide, especially in developing nations, which may not have an unrelated donor bank or access to unrelated donors may be cost-prohibitive. Furthermore, newer approaches will likely need to be compared in the future with this method, both in terms of efficacy and cost, as PTCy is establishing itself as the new gold-standard for performing HaploSCT.
Post-Transplant Cyclophosphamide for GVHD Prevention
One of the earliest evidences of the effect of cyclophosphamide on allograft alloreactive responses was reported by Barenbum and Brown in the early 1960s [18] . Mice were injected with intraperitoneal cyclophosphamide 200 mg/kg either before or after the placement of a major histocompatibility complex (MHC) mismatched skin graft. When compared with the controls, the mice injected with cyclophosphamide exhibited delayed graft rejection by approximately 4 days. Interestingly, the maximal benefit of graft survival was seen when the cyclophosphamide was administered 3 to 4 days after the skin graft. This study suggested that the effect of cyclophosphamide on graft survival is likely a result of global as well as time dependent immune suppression [18] . This concept was translated to hematopoietic stem transplantation by Santos and Owens from Johns Hopkins. They found that mice treated with cyclophosphamide administered after day 2 after cell transfer had lower incidence of skin GVHD and reduced mortality and "felt that this is well suited for the investigation of therapy directed toward modifying graft-versus-host disease" [19] . Luznik et al. successfully demonstrated in mouse models that MHC-mismatched bone marrow cells can engraft stably after nonmyeloablative conditioning consisting of fludarabine or cyclophosphamide, and low-dose total body irradiation (TBI) followed by PTCy on day 13. Additionally, they proved that long-term mixed hematopoietic chimerism, clonal deletion of donor-reactive T cells, and bidirectional cytotoxic T-cell tolerance can be achieved, resulting in a decrease in graft-versus-host (GVH) reactions caused by major and minor histocompatibility antigen-incompatible T cells. Moreover, recipient mice demonstrated a robust graft-versus-leukemia (GVL) effect in response to infusion of DLI after receiving leukemia cells without causing lethal GVHD [12] .
Cyclophosphamide-induced tolerance develops in a complex multisystem sequential manner [13] . Firstly, there is selective destruction of proliferating allo-antigen stimulated T cells. In this process, both donor anti-host and recipient anti-donor T cells are eliminated. These T cells have replicative DNA and therefore are exquisitely sensitive to cyclophosphamide; this occurs in the first few days of cyclophosphamide administration [13] . The approach is very effective in HaploSCT where there is a large proliferation of allo-reactive T cells in the early post-transplant period due to major HLA-mismatch. Additionally, after cyclophosphamide administration, the donor memory T-cells are relatively spared, which can provide the recipient with donorderived immunity against a variety of infections and contribute to immune reconstitution post-transplant [13] . Clear evidence was provided by our group; we have shown that a significantly higher proportion of patients who received a TCD haploidentical graft with CD341 selection had infectious complications (viral and fungal) than the patients treated with T-cell replete HaploSCT with PTCy, using the same conditioning regimen [14] . The second step involves the development of peripheral tolerance through clonal deletion, anergy, and T-reg mediated suppression [9, 13, [20] [21] [22] . The third step in the development of cyclophosphamide-induced tolerance involves deletion of anti-host T cells derived from donor hematopoietic stem cells in the thymus. This contributes to establishing both immediate and long-term tolerance of donor cells after allografting [12, 13, 22, 23] .
Based on promising preclinical studies, O'Donnell et al. reported the first Phase I clinical trial of 13 patients who underwent HaploSCT using a nonmyeloablative conditioning regimen with fludarabine 30 mg/m 2 on day 26 to 22, 2 Gy TBI on day 21, and PTCy (50 mg/kg) on day 13. Additional immunosuppressive therapy included mycophenolate mofetil (MMF) (day 14 to day 135) and tacrolimus (day 14 to day 150). After graft failure in the first two out of three patients, cyclophosphamide (14.5 mg/kg day 26, 25) was added to the remaining patients and 8 of 10 had sustained donor engraftment at a median of 15 days. The incidence of severe (Grade III-IV) aGVHD was only 23%. At a median follow-up of 200 days, six patients were alive and disease-free [24] . Based on these positive results, additional reports of successful HaploSCT with PostCy had been reported [9, 16, 25] . Due to these early successes, there has been considerable interest in developing this approach for broader clinical practice. In 2011, Bone Marrow Transplant Clinical Trials Network (BMT-CTN) jointly published results of two parallel Phase II studies of haploidentical and cord blood transplants [15] . Both studies were conducted in high-risk hematological malignancies; BMT-CTN 0603 was investigated in patients undergoing HaploSCT with PTCy and a bone marrow graft, while BMT-CTN 0604 studied double umbilical cord blood transplantation (UCBT). All patients were treated with a nonmyeloablative protocol using a version of Flu/Cy/TBI regimen [15] . Patients undergoing HaploSCT additionally received PTCy along with tacrolimus and MMF; UCBT received cyclosporine and MMF as GVHD prophylaxis. The characteristics of these patients were strikingly similar between the two groups. There was no difference in the cumulative incidence of Grade II-IV acute GVHD (aGVHD) between the UCBT and haploidentical groups at day 100 (40% vs. 32%, respectively). Remarkably, there were no reported cases of severe (Grade III-IV) aGVHD in the HaploSCTgroup. Nonrelapse mortality (NRM) was impressively low in the HaploSCT study (7% vs. 24% in the UCBT group); however, the relapse rate appeared higher (45% in the HaploSCT vs. 31%). While the 6-month and 1-year progressionfree survival (PFS) were similar, the causes of treatment failure appeared to differ, primarily NRM in the UCBT and relapse in the HaploSCT [15] . It is critical to note that these studies were not randomized and patient selection may have influenced outcomes; therefore a randomized BMT-CTN study #1101 (NCT 01597778) is underway to help clarify these differences. Other reports had similar findings, such as the one reported by Munchel et al. which presented outcomes of 210 patients with advanced hematological malignancies receiving PTCy after nonmyeloablative conditioning for HaploSCT [16] . The rate of aGVHD and chronic GVHD (cGVHD) were low at 27% and 15%, respectively. NRM was 18% and the predominant cause of treatment failure was again relapse which was seen in 55% of the patients. These results were encouraging as most of the patients were heavily pretreated prior to transplant [16] . However, they also suggested that a more intense conditioning could be applied, especially for patients with acute leukemia.
Delayed immune reconstitution is a major concern with intensification of post-transplantation immune suppression. In a recent analysis presented at the American Society of Bone Marrow Transplantation (ASBMT), we studied the kinetics of lymphocyte reconstitution after matched and mismatched transplants [26] . The recovery of lymphocyte subsets (CD4 
, CD4
1 , and CD8 1 T-cell subsets to normal levels usually occurs by 6 months post-transplantation [26] . This analysis as well as several other studies suggest that the T-cell recovery for HaploSCT treated with PTCy is similar to matched donor transplants, which could, in part, explain comparable outcomes [26] [27] [28] .
Haploidentical Transplantation for Myeloid Malignancies
Outcomes of patients with relapsed or refractory acute myeloid leukemia (AML) without transplant are very poor with survival of 20% or less. Additionally, poor-risk cytogenetics and FLT3 mutated AML patients benefit from an allogeneic stem cell transplant in first complete remission (CR1). Performing a transplant using any donor in this case may be lifesaving, and with improved HaploSCT outcomes, lack of an HLA-matched donor should not limit access to transplantation of such patients. In addition, performing a transplant expeditiously could be more important than waiting for an HLAmatched unrelated donor.
Haploidentical transplantation with complete T-cell depletion has been associated with higher NRM; up to 66% in patients with more advanced disease has been reported [29] . Our experience with a TCD haploidentical graft has also been associated with an unacceptably high TRM [14, 30, 31] . By changing to a fully unmanipulated bone marrow graft and PTCy, tacrolimus, and MMF for GVHD prevention, the transplant outcomes have improved significantly compared with TCD HaploSCT due to a lower TRM and infectious complications in myeloid malignancies [14] .
Transplantation for myeloid malignancies with a matched donor has been traditionally performed with a myeloablative conditioning regimen for younger patients with minimal comorbidities. A more intense, myeloablative conditioning regimen for HaploSCT has been studied by several groups, including ours. Solomon et al. from Atlanta, and the Italian group led by Bacigalupo have used a busulfan-based conditioning regimen with fludarabine and cyclophosphamide (Bu/Flu/Cy) or with thiotepa and fludarabine (Thio/Bu/Flu), respectively, with very good results [32, 33] (Table I) . Solomon et al. reported on 20 patients of whom nine had relapsed-refractory leukemia. The myeloablative conditioning was comprised of fludarabine, busulfan (440 mg/m 2 , dose subsequently reduced due to mucositis), and cyclophosphamide [32] . On day 0, patients received an unmanipulated peripheral blood T-cell replete allograft. The cumulative incidence of severe aGVHD and cGVHD were low at 10% and 5%, respectively with a day 100 NRM of only 10%. The 1-year overall survival (OS) and relapse rates were encouraging at 69% and 40% respectively, better for standard-risk patients (88% and 33%) [32] . However, due to significant mucositis and higher incidence of BK virus cystitis this group is now exploring a TBI-based regimen with encouraging early results (Table I ) [36] . Raiola et al. reported results of a Phase II retrospective trial, where 50 patients were treated with a myeloablative protocol consisting of thiotepa 10 mg/kg, busulfan 9 mg/kg, and fludarabine 150 mg/m 2 or total body irradiation (TBI) with fludarabine 120 mg/m 2 [33] (Table I ). Nearly two thirds of the patients had high-risk myeloid malignancies [AML, chronic myeloid leukemia (CML), or myeloproliferative disorder (MPD)]. The patients subsequently underwent a T-cell replete haploidentical bone marrow transplant followed by PTCy on days 13 and 1 5, cyclosporine, and MMF for GVHD prophylaxis. The cumulative incidence of Grade II-IV aGVHD was 12% with moderate cGVHD occurring in 10%. With a median follow-up for surviving patients of approximately 8 months, the cumulative incidence of NRM was 18% with relapse occurring in 22%. These results were particularly encouraging as 27 patients had active disease at time of transplantation, 10 had a previous allogeneic transplant, only 9 of 25 of the patients with AML were in CR1, and 72% of the patients with AML were alive and in remission at the time of reporting; these data helps to confirm the hypothesis that increasing the intensity of the conditioning platform can decrease the risk of relapse without significantly affecting NRM and GVHD in HaploSCT performed with PTCy [33] .
Our results for myeloid malignancies were recently presented at the 2014 ASBMT/CIBMTR Tandem Meeting [35] . All patients received a uniform conditioning regimen of melphalan 140 mg/m 2 (dose-reduced to 100 mg/m 2 in patients older than 55 years), fludarabine 160 mg/m 2 with or without thiotepa 5 to 10 mg/kg (Table I) . GVHD prophylaxis consisted of PTCy, tacrolimus, and MMF. Of the first 100 patients treated on this protocol, 66 had myeloid malignancies [AML, myelodysplastic syndrome (MDS), CML] and 26% of the patients were not in CR at time of the transplant. The 3-year PFS, 1-year TRM, and cumulative incidence of relapse were 56.5%, 11.8%, and 30.1%, respectively. The incidence of Grade II-IV aGVHD was only 25%. Patients who underwent transplantation in morphologic CR or had low risk cytogenetics had a statistically significant improvement in PFS compared with other groups. Patients with intermediate or low-risk cytogenetics had a 3-year PFS of approximately 70% [35] .
As opposed to a nonmyeloablative strategy, increased intensity of the conditioning platform appears to be more effective for patients with CML to reduce rejection rates. Outcomes for patients with CML treated with a T-cell replete graft from a haploidentical donor source and intensified GVHD prevention (without PTCy) were initially reported by the Chinese group [41] . We recently reported in abstract format our experience on a small number of advanced CML patients 
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(all progressed to accelerated or blast phase) who underwent HaploSCT with PTCy, tacrolimus, and MMF for GVHD prevention. All patients received conditioning with our institutional protocol with fludarabine 160 mg/m 2 , melphalan 140 mg/m 2 6 thiotepa 5-10 mg/kg. All patients engrafted the neutrophils at a median of 18 days. There were no deaths due to transplant related toxicities. The incidences of aGVHD and cGVHD were 30% and 37.5% respectively. At a median follow-up of 22 months, six patients (60%) were alive and five remain in molecular remission [42] . These results are very encouraging, suggesting that patients with CML with a transplant indication and no matched donor can proceed safely to a haploidentical transplant, and that outcomes of patients with CML also may be similar with matched transplants.
Haploidentical Transplantation for Lymphoid Malignancies
Initially, a nonmyeloablative conditioning regimen has been used for patients with lymphoma undergoing HaploSCT. This approach gained favor as it was found to have acceptable toxicities with limited NRM and encouraging survival rates. One of the first reports of efficacy of haploidentical transplantation in lymphoma was published by Burroughs et al. [25] . Ninety patients with relapsed and refractory, heavily pre-treated Hodgkin's lymphoma (HL) received MSD (n = 38), MUD (n = 24), and haploidentical transplants (n = 28). All patients received a nonmyeloablative conditioning regimen; the HaploSCT group received Flu/Cy/TBI with PTCy, tacrolimus, and MMF. In multivariate analyses, there was no significant difference in OS between the three groups at two years. HaploSCT had significantly improved PFS compared with the other two groups and significant decrease in NRM compared with MSD. No significant differences were noted in aGVHD grades III-IV or cGVHD between the groups. The 2-year OS and PFS was similar between the three groups. Additionally, there was no statistically significant difference in the rate of Grade II-IV aGVHD between the haploidentical and matched transplants. Patients undergoing a haploidentical transplants tended to have a lower NRM as well as a lower relapse rate and improved survival when compared with the other two groups of matched transplants, likely related to increase degree of mismatch in the HaploSCT group. This data suggested that a nonmyeloablative approach has significant clinical efficacy in relapsed and refractory lymphoma, and importantly, HaploSCT can be suitable alternate donor source with at least similar treatment outcomes [25] . These initial good results have been subsequently confirmed at other centers in the past several years [37, 38] . Raiola et al. reported results of 26 patients undergoing T-cell replete HaploSCT for advanced HL [37] . These patients received a nonmyeloablative conditioning protocol consisting of Flu/Cy/TBI and PTCy, tacrolimus or cyclosporine, and MMF for GVHD prophylaxis. All the patients had previously received an autograft and 65% had active disease at the time of transplant. The cumulative incidence of TRM and relapse was 4% and 31%, respectively. The actuarial 3-year OS and PFS were 77% and 63%, respectively [37] . Additionally a retrospective review of 151 lymphoma patients undergoing a haploidentical transplant was presented at the American Society of Hematology meeting in 2013 [39] . All patients received Flu/Cy/TBI nonmyeloablative conditioning followed by a T-cell replete bone marrow graft. GVHD prophylaxis consisted of PTCy, MMF, and tacrolimus. Seventy-five percent of patients had non-Hodgkins lymphoma (NHL) (both B and T cell) and 25% had Hodgkin's lymphoma (HL). The rate of severe acute GVHD was low (5%) and the 1-year NRM and relapse rate were 16% and 31%, respectively. The 3-year probabilities of PFS and OS were 40% and 46%. The disease-specific cumulative incidence of OS were as follows: 67% for HL, 38% for aggressive NHL, 28% for mantle cell lymphoma, and 48% for indolent NHL and Bu-busulfan, Cy-cyclophosphamide, TBI-total body irradiation, Mel-melphalan, Flu-fludarabine, Thio-thiotepa, AML-acute myeloid leukemia, MDS-myelodysplastic syndromes, CML-chronic myeloid leukemia, ALL-acute lymphoblastic leukemia, HD-Hodgkin's disease, NHL-non-Hodgkin's lymphoma, CLL-chronic lymphocytic leukemia, PLL-prolymphocytic leukemia, PTCL-peripheral T cell lymphoma, BM-bone marrow, PB-peripheral blood, chronic lymphocytic leukemia (CLL) [39] . These results in a large number of patients show that transplant outcomes with a haploidentical donor are likely at least as good as outcomes with matched transplants. We also explored a melphalan-based conditioning for lymphoma patients as this drug has proven efficacy against lymphomas. Our group recently presented the data on the first 19 patients with HL, NHL, and CLL [40] . GVHD prophylaxis consisted of PTCy, tacrolimus, and MMF (continued until day 1100). Seventeen of these patients had either relapsed or refractory NHL/HL or CLL, two thirds were not in remission at the time of transplant. The 2-year OS and PFS in this group was 63% and 52%, respectively, with a 2-year TRM of 11%, and relapse rate of only 25%. Patients with lymphoid malignancies who received fludarabine/melphalan 100 mg/m 2 (FM100) with either 2Gy TBI or thiotepa 5 mg/kg regimen were found to have a very encouraging 2-year PFS of 70% compared with 31% in the fludarabine/melphalan 140 mg/m 2 (FM140) group. Thus far, our data has shown that an intensified, melphalan-based conditioning platform can safely be used for patients with lymphoid malignancies treated with haploidentical transplants and PTCy with a corresponding reduction in relapse rates. The FM140 regimen appeared to be associated with higher NRM and we are currently using only the FM100 with 2Gy TBI regimen, which appears to be associated with lower TRM and at least as effective as the more intensive regimen (Table I ) [40] .
Comparable to matched transplants, haploidentical transplants with PTCy have been performed in T-cell lymphoma with similarly good outcomes [34] . Kanakry et al. reported results of 44 patients who underwent an allogeneic transplant for peripheral T-cell lymphoma, of which 18 patients had a haploidentical donor with reduced-intensity conditioning (RIC); only four patients received a myeloablative HaploSCT in this group. This was a notably poor-risk group with 75% of patients with either chemo-refractory or active disease. Sixty percent of patients had greater than two prior lines of therapy. Patients received a myeloablative conditioning protocol (busulfan/cyclophosphamide, Cy/TBI, or busulfan/fludarabine) or a RIC regimen of Flu/Cy/TBI or Flu/TBI. Patients who received a haploidentical donor were more likely to receive the RIC. PTCy was incorporated as part of the GVHD prophylaxis for most patients irrespective of donor source. Despite the considerable treatment variability between the donor groups, the estimated 1-year TRM and cumulative incidence of relapse were similar between HLA-identical and haploidentical donors [34] (Table I) .
As illustrated above, haploidentical transplants can result in improved OS and potential for cure in patients with advanced lymphoma with both a nonmyeloablative and more intensive conditioning platform with several groups reporting acceptable NRM and very good early outcomes, although the number of treated patients is still small. As mentioned above, very good results have been obtained using either the Flu/Cy/TBI regimen or our reduced-intensity conditioning regimen with FM100 and 2GyTBI (Table I ). It is likely that a reduced-intensity/nonmyeloablative conditioning regimen is sufficient for these patients as most are heavily pretreated including prior autologous transplantation and it is unlikely they will tolerate very intense conditioning. In addition, newer targeted therapies in the conditioning regimen or in the maintenance post-transplant setting will likely improve the survival of these patients.
Comparative Outcomes with Matched Transplants
As outcomes of haploidentical transplantation have improved, several retrospective studies including our early data demonstrate comparable outcomes with matched transplants, for patients with hematologic malignancies in general, as well as for several diseases in particular [25, 34, 37, 43] . Bashey et al. retrospectively compared outcomes of 271 patients undergoing an allogeneic transplant for highrisk hematological malignancies. One hundred seventeen patients received a MSD, 101 patients had a MUD, and 53 patients underwent transplant using a haploidentical donor. GVHD prophylaxis consisted of PTCy, tacrolimus, and MMF for HaploSCT while matched transplants received conventional GVHD prophylaxis. For MSD, MUD, and haploidentical donors, the 2-year cumulative incidence of NRM was 13%, 16%, and 7%, respectively; relapse was similar between the groups (34%, 34%, and 33%); and 2-year DFS was similar 53%, 52%, and 60%, respectively. Patients undergoing HaploSCT were found to have a similar incidence of aGVHD and less severe cGVHD (11%, 12%, and 4%, respectively) [43] .
Raiola et al. also compared outcomes of 459 patients treated with different donor sources-haploidentical, matched related and unrelated donor, mismatched unrelated and cord blood grafts [37] . Haploidentical transplants had a lower incidence of Grade II-IV aGVHD compared with MSD and the lowest NRM at 1,000 days (18% vs. 24-35% for all others), comparable relapse rates and 4 year OS (52% haploidentical, 45% MSD, 43% MUD, 40% mismatched MUD and 34% cord blood) [17] .
We analyzed outcomes of a uniform cohort of 227 AML/MDS patients treated with the same conditioning regimen (fludarabine 120-160 mg/m 2 , melphalan 100-140 mg/m 2 , 1 thiotepa 5-10 mg/kg for HaploSCT). Eighty-seven patients received a MSD, 108 received a MUD, and 18 patients received a haploidentical donor. GVHD prophylaxis in matched donors consisted of tacrolimus and minimethotrexate with thymoglobulin in MUDs; HaploSCT received PTCy, tacrolimus, and MMF. Older patients and patients with major comorbidities received the reduced doses described above. More patients were in remission in the HaploSCT group and a separate analysis was hence performed to address patients in remission. For MSD, MUD, and HaploSCT, there was a similar incidence of Grade II-IV aGVHD (24%, 19%, 26%) for patient's in remission; severe aGVHD occurred in 4%, 4%, and 0%, respectively. Extensive cGVHD between the three groups was also similar (29%, 23%, and 17%), respectively. Also, there was no significant difference in PFS at 3 years for those in remission (57%, 45%, 41%, respectively). However, there was a non-significant trend towards better PFS at 3 years in patients undergoing a MSD transplant (57%) For those not in remission a significant differences was not evident (27%, 21%, and 10%, respectively) [44] .
These very good results with nearly identical survival between haploidentical and matched transplants both for myeloid and lymphoid malignancies raise the question whether patients with more advanced disease who achieve a transient remission should proceed urgently to transplant using a haploidentical donor rather than wait several months for unrelated donor cells. During this search and procurement time, disease may progress and the opportunity to perform a transplant maybe lost; this question mandates prospective studies which will answer this question.
Peripheral Stem Cells as Alternative Graft Source for Haploidentical Transplants
Control of alloreactivity and decreasing the incidence of GVHD is of paramount importance in successful haploidentical transplantation. The traditional source of stem cells has been from bone marrow (BM) which are less mature and have been shown to induce less GVHD than peripheral blood stem cells (PBSC) [45] . However, acquisition of BM stem cells is cumbersome, involves the use of the operating room, and presents an increased risk of complications to the donor. Also, the engraftment is usually delayed by approximately a week, and the cell doses are often lower, which can lead to increased infection risk and prolonged hospitalization for the patient. Therefore, there is considerable interest in developing peripheral blood stem cells as an acceptable graft source in HaploSCT.
Recently, results of a multicenter collaborative study of haploidentical transplant patients treated with a peripheral blood graft have been reported [46] . Fifty-five patients with high-risk hematological malignancies underwent a T-cell replete HaploSCT with PBSC as source of the donor graft. Approximately half the patients had myeloid and half lymphoid malignancies. The mean CD341 cell dose was 6.4 3 10 6 /kg cells and CD31 was 2.0 3 10 8 /kg. Grade II and III aGVHD occurred in 53% and 8% of patients at 1 year while Grade IV GVHD was not observed. The cumulative incidence of cGVHD at 2 years was 18%. With a median follow-up of approximately 500 days, 2-year OS and EFS were 48% and 51%, respectively with a 2-year cumulative incidence of NRM and relapse of 23% and 28% [46] . 6 cells/kg (range: 119-530) for the bone marrow and PBSC graft, respectively; both CD341 and CD31 cell doses were significantly different. No differences were evident in neutrophil and platelet recovery between the groups. When compared with patients who received a BM graft, PB had a higher incidence of Grade II-IV aGVHD (33% vs. 25%) with a nonsignificant difference in Grade III-IV (14% vs. 3%). A comparable incidence of cGVHD (13% vs. 13%) was noted. There was no difference in NRM, relapse, or survival between the 2 groups [47] . From these early reports it may be concluded that transplantation of PBSC compared with BM can result in a higher rate of Grade II-III aGVHD; however, the OS and EFS appear similar. Most of these studies reported thus far have been retrospective, therefore limited by patient selection and bias. Further prospective studies will be needed to adequately compare these two donor sources [47] .
Conclusions and Future Directions
Over the last decade, haploidentical donors have become an attractive option for allogeneic stem cell transplantation, in particularly for ethnic minorities and in underdeveloped countries where procurement of unrelated donor stem cells is difficult or cost prohibitive. PTCy has proven to be a low cost and highly effective strategy in the armamentarium of GVHD prophylaxis for HaploSCT. Collectively, studies to date have shown that PTCy decreases the rate of severe aGVHD and cGVHD and is associated with low NRM and improved survival. A nonmyeloablative or reduced-intensity conditioning regimen appears very effective for lymphoid malignanices, while myeloid malignancies may require more intensive preparative regimens, especially for select patients who can tolerate it. Early data from multiple groups is highly suggestive that outcomes of T-cell replete HaploSCT performed with PTCy, tacrolimus, and MMF for GVHD prevention are comparable with outcomes of matched transplants. Future directions will optimize conditioning regimens for different diseases and focus on prevention of disease relapse post-transplant.
